This study aimed to evaluate superb microvascular imaging (SMI) as an adjunctive imaging method to evaluate mesenteric lymph nodes in children with mesenteric lymphadenitis compared with healthy children.
Background
Mesenteric lymphadenitis is a common clinical finding in the pediatric population. Mesenteric lymphadenitis in childhood is known to have varied clinical presentations that can include fever and abdominal pain. However, physical examination alone is often limited in the young child and requires imaging studies to make the diagnosis. Because abdominal ultrasonography (US) does not expose the child to radiation, it is often the primary imaging choice in clinical practice [1] . Color Doppler flow imaging (CDFI) is a non-invasive technique to investigate the cause of abdominal pain in pediatric patients [2] .
With the routine use of high-frequency transducers, CDFI has been frequently used to detect enlarged abdominal lymph nodes, especially in the right lower abdominal quadrant. Recently, an advanced and sensitive Doppler ultrasonography technique, known as superb microvascular imaging (SMI), has shown superior ability to demonstrate very low-speed blood flows with higher resolution and lower artifacts, compared with CDFI and power Doppler flow imaging [3] [4] [5] . Mesenteric lymphadenitis is an inflammatory process of the mesenteric lymph nodes that can be associated with inflammatory disorders or neoplasia, and previous studies have shown that lymphadenitis is associated with the development of new lymphoid vasculature [6] .
Therefore, this retrospective study aimed to evaluate SMI as an adjunctive imaging method to evaluate mesenteric lymph nodes in children with mesenteric lymphadenitis compared with healthy children.
Material and Methods

Patients and lymph nodes
This retrospective clinical study was approved by the Ethics Committee of Shanghai Pudong New Area Peoples' Hospital. All patient parental or legal guardian provided informed consent to participate in the present research.
Between January 2018 and June 2018, 32 consecutive pediatric patients diagnosed with mesenteric lymphadenitis were enrolled in the study and included 12 female children and 20 male children. The median age was 5.00±1.31 years (range, 2-8 years). The inclusion criteria for the children in the study group included a clinical diagnosis of mesenteric lymphadenitis, complete imaging data, and agreement to participate in the study. The control group (n=30) included 15 female children and 15 male children with a median age of 4.63±1.19 years (range, 2-9 years) who were symptom-free at the time of ultrasound examination. Abdominal lymph nodes with the least diameter of 4 mm were considered to be enlarged [7] . Laboratory tests were recorded for analysis and included the white blood cell (WBC) count and the C-reactive protein (CRP) levels.
Ultrasound protocols and imaging interpretation
All lymph nodes in the study group and the control group underwent grayscale ultrasound (US), color Doppler flow imaging (CDFI), and superb microvascular imaging (SMI) imaging. All the ultrasound examinations were conducted using a Toshiba Aplio 500 (Toshiba Medical Systems Co., Tokyo, Japan) with a 14 MHz line array transducer. All patients in both groups first underwent US examination with transverse and longitudinal scans of the lower abdomen. Conventional ultrasonic characteristics including size, shape, and echogenicity were recorded for further analysis. Size referred to the longest (L) axis and shortest (S) axis, while shape referred to the ratio of L to S axis (L/S). CDFI (frame rate, 10-15 Hz) and SMI (frame rate, >50 Hz) were used to assess vascular imaging parameters. The velocity scope of SMI was adapted to <2.5 cm/sec. Gentle pressure was applied through the transducer to prevent collapse of the vessels.
US assessments were performed by the same radiologist, who had more than three years of experience in abdominal US and one year of experience in SMI. Two radiologists with more than five and ten years of experience in abdominal imaging interpreted the vascularity index assessed by both CDFI and SMI. If any disagreement occurred, a third senior radiologist, with an experience of >15 years in abdominal US and two years of experience in SMI, was consulted until consensus was achieved. Vascular quantity was classified, as absent (G0), minimal (G1), moderate (G2), or marked (G3), depending on the amount of blood flow in the region of interest (ROI). G0 referred to the absence of blood flow; minimal or G1 vascularity referred to one or two pixels containing flow <0.1 cm in diameter; moderate or G2 flow referred to a certain number of small vessels and/or a main vessel; and marked G3 vascularity was defined as the visualization of more than four vessels. Clinical confirmation by pediatrician was considered as the diagnostic gold standard. 
Statistical analysis
Results
Demographic, clinical data, and baseline ultrasound (US) findings
From the total number of 32 patients in the mesenteric lymphadenitis group, five patients were excluded, due to technical problems in blood sampling (n=2) and incomplete ultrasound (US) imaging (n=3). Table 1 shows the demographic and clinical data of the children included in the study. There was no significant difference in age or gender between the two groups (p>0.05). Body temperature of ³37.5°C (70.4%), nausea (74.1%), and anorexia (55.6%) were the common clinical characteristics in children with mesenteric lymphadenitis. In children with mesenteric lymphadenitis, there were a total of 77 mesenteric lymph nodes with a median number of 2.85±1.17. In the healthy control group, a total of 84 mesenteric lymph nodes were identified with a median number of 2.80±1.21. However, there was no significant difference in the number of mesenteric lymph nodes observed between the two groups (p=0.870). The echogenicity of all mesenteric lymph nodes was found to be either isoechoic or hypoechoic.
In the mesenteric lymphadenitis group, there were 76.6% (59/77) enlarged mesenteric lymph nodes. In the control group, there were 72.6% (61/84) enlarged mesenteric lymph nodes. All the enlarged mesenteric lymph nodes in children with mesenteric lymphadenitis were located in the right lower quadrant, whereas two out of 61 enlarged mesenteric lymph nodes were found in the left lower quadrant in one healthy child. Details of the mesenteric lymph nodes, including their size and shape, are shown in Table 2 . The size of the mesenteric lymph nodes was greater in children with mesenteric lymphadenitis compared with the healthy control group. Both the greatest diameter and the least diameter of the mesenteric lymph nodes in children with mesenteric lymphadenitis was significantly greater than that of mesenteric lymph nodes in the normal healthy group (p<0.001). The mesenteric lymph nodes were mostly oval in shape in both groups (p=0.361).
Vascularity of mesenteric lymph nodes
There was a significant difference in the vascularity index between the two groups. Color Doppler flow imaging (CDFI) identified blood vessels in 85.2% (23/27) of the mesenteric lymph nodes in the mesenteric lymphadenitis group. Superb microvascular imaging (SMI) detected blood flow signals in 92.6% (25/27) of the mesenteric lymph nodes in the mesenteric lymphadenitis group (Table 3 ). In comparison, the majority of mesenteric lymph nodes in the control group showed no increase in vascularity using CDFI (83.3%) and SMI (80.0%) (Figure 1 ). CDFI showed that 74.0% of mesenteric lymph nodes were graded as G1 (44.4%) ( Figure 2 ) and G2 (29.6%) in terms of the number of vessels visualized. SMI showed that 77.8% of mesenteric lymph nodes were graded as G2 (55.6%) and G3 (22.2%). These findings support that SMI was a superior imaging method for identifying both high-velocity and lowvelocity blood flow.
Diagnostic performance of different imaging methods
The diagnostic utility of vascular parameters assessed by CDFI and SMI for evaluating mesenteric lymphadenitis as an adjunct to conventional US was achieved by using receiver operating characteristic (ROC) curve analysis. In ROC analysis (Figure 3 ), the highest value for the area under the curve (AUC) was for US combined with SMI, followed by US combined with CDFI, and then for US alone, with the AUC values being 0.841 (95% CI, 0.737-0.945), 0.801 (95% CI, 0.682-0.920), and 0.648 (95% CI, 0.503-0.793), respectively. Sensitivity and specificity rates were highest for US combined with SMI (sensitivity, 81.5%; specificity, 78.9%), followed by US combined with CDFI (sensitivity, 70.4%; specificity, 73.7%), and US alone (sensitivity, 63.0%; specificity, 64.9%). Both US combined with SMI, and US combined with CDFI had a specificity of 76.7%, followed by US alone with a specificity of 66.7% (Table 4 ). 
Univariate and multivariate logistic analysis
Univariate logistic analysis showed that the US characteristics had significant correlations with mesenteric lymphadenitis, including the least diameter ³0.58 cm (OR=19.586; P<0.001), the greatest diameter ³1.28 cm (OR=5.945; P<0.001), and were rated as Grade 2 or lower according to Adler's classification by SMI (OR=1.619; P<0.001) ( Table 5 ). In the multivariate logistic analysis, measurement of the least diameter ³0.58 mm (OR=16.650; P=0.002) was the strongest predictor for mesenteric lymphadenitis, followed by vascularity grading of ³Grade 2 by SMI (OR=1.439; P=0.004) ( Table 5) .
Discussion
In children, abdominal pain is a very common clinical presentation in children with mesenteric lymphadenitis [8] . Therefore, children are often referred for ultrasound (US) imaging in primary care. Abdominal ultrasound is a safe and cost-effective method of examination that is not associated with radiation and has a high degree of diagnostic sensitivity. The distinction between normal and abnormal mesenteric lymph nodes by US imaging is largely dependent on the size of the mesenteric lymph nodes. Previous studies have shown that mesenteric lymph nodes with a minimum diameter of ³4-5 mm can be identified. Vayner et al. [9] conducted a prospective study to evaluate the prevalence of enlarged mesenteric lymph nodes in 189 children with mesenteric lymphadenitis and showed that most of the lymph nodes had minimum diameter of >4 mm. Abdel Gawad et al. [10] showed that mesenteric lymph nodes with a mean least diameter of 19 mm (range, 4.7 mm to 9 cm) were commonly found in children with mesenteric lymphadenitis. Compared with normal mesenteric lymph nodes, with a mean value of 2.96 mm, mesenteric lymph nodes in children with mesenteric lymphadenitis were significantly larger than normal mesenteric lymph nodes (p=0.02) [10] .
The findings of the present study, regarding the size of abnormal mesenteric lymph nodes, are supported by those of previously published studies. Both the greatest diameter (1.28±0.28 mm) and least diameter (0.58±0.15 mm) of mesenteric lymph nodes in children with mesenteric lymphadenitis was greater than that of mesenteric lymph nodes in the healthy group (greatest diameter, 1.04±0.20 mm; least diameter, 0.47±0.08 mm) (both, p<0.001). However, Karmazyn et al. [11] examined mesenteric lymph nodes in 61 children with abdominal pain and found enlarged mesenteric lymph nodes in 54% of the study population. Their study suggested that mesenteric lymph nodes with a minimum diameter from 5-10 mm should not be considered as a specific finding in children with mesenteric lymphadenitis [11] . The cutoff value of the least diameter of ³5 mm for enlarged mesenteric lymph nodes resulted in a high percentage of false-positive results (54%) [11] . Therefore, the findings of the present study that neither the greatest diameter nor the least diameter alone of the mesenteric lymph nodes was sufficient as a sole diagnostic indicator, are supported by previous studies.
Mesenteric lymphadenopathy might be a key indicator of the underlying inflammation that causes abdominal pain [12] . Inflammation is associated with dilation of small vessels and increased permeability of the microvasculature, which lead to increased blood flow. Doppler ultrasonography (US) has been widely used to evaluate the blood flow in healthy organs and inflammatory tissues [13] [14] [15] . The Doppler ultrasound technique uses a single-wall filter to remove clutter by suppressing low-velocity flow. With the development of Doppler technology, superb microvascular imaging (SMI) uses a new adaptive algorithm to delineate both high and low-velocity blood flow with higher resolution and fewer motion artifacts [16] [17] [18] . The capability of identifying blood flow has been widely shown in several studies [16] [17] [18] . In the pediatric population, SMI has been used to evaluate testicular blood flow in children from 2 months to 48 months of age [19] . Karaca et al. applied a fourstage grading system to compare blood flow quantity assessed by color Doppler flow imaging (CDFI) and SMI [19] . The average blood flow was 1.20±0.22 by CDFI and 2.37±0.55 by SMI [19] . Therefore, these authors showed that SMI resulted in more detailed vascular information in the testicles in small children, compared with CDFI or power Doppler imaging [19] .
Bayramoglu et al. previously investigated SMI to evaluate vascular blood flow in children and adolescents between 2-18 years of age with lymphadenitis (n=72), lymphoma (n=45), and healthy controls (n=146) [20] . The sensitivity, specificity and accuracy rate of the vascularity index by SMI in differentiating between lymphadenitis and normal lymph nodes was 85%, 84%, and 85%, respectively [20] . The findings from this previous study supported the diagnostic performance of SMI in distinguishing lymphadenitis from normal lymph nodes by using the vascularity index [20] . These previous findings support the findings from the present study that adopted a four-level scoring system to evaluate the microvasculature assessed by two US techniques. SMI detected blood flow signals in 92.6% of the mesenteric lymphadenitis group while CDFI only identified 85.2%. Also, six mesenteric lymph nodes were visualized with increased (G3) blood flow by SMI, whereas only three of them were graded as G3 by CDFI. SMI was superior in identifying both high-velocity and low-velocity blood flow, and this study further demonstrated significant differences between grades of vascularity between normal mesenteric lymph nodes and mesenteric lymphadenitis.
Conventional US imaging parameters for mesenteric lymphadenitis have been limited as the cutoff value of the least diameter for evaluating mesenteric lymphadenitis >0.58 cm has provided a sensitivity, specificity, and diagnostic accuracy of 63.0%, 66.7%, and 64.9%, respectively. Vascularity grading ³G2 by SMI combining with grayscale findings resulted in sensitivity (81.5%), specificity (76.7%), and accuracy rate (78.9%) in distinguishing between mesenteric lymphadenitis and normal mesenteric lymph nodes.
This study had several limitations. First, this was a preliminary and retrospective study that was performed at a single center with the inclusion of only 27 children with mesenteric lymphadenitis. Therefore, further study prospective studies with a larger study sample size is recommended. Second, in this study, all the imaging studies were conducted by the same radiologist. Ultrasonography examination and interpretation are operator-dependent and so future studies should
